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Abstract
This study compared insect biodiversity among five sites in agricultural landscapes and
natural forest in the El Placer community in the valley of the Rio Pastaza in the eastern Andean
cloud forest. The area is of vital importance to conservation, as it falls in the ecological corridor
between the Sangay and Llanganates national parks. The primary crop produced by the residents
of El Placer is naranjilla, and it is cultivated in a variety of manners, mostly with intensive
chemical use. The goal of the study was to find out which types of practices were the least
harmful to the insect community and allowed for conservation of biodiversity. The sites I studied
were a primary forest site in the nearby Candelaria reserve, a secondary forest fragment among
the crops, a naranjilla monoculture, and a chemically intense and non-chemically intense
polyculture. I used pitfall traps and butterfly traps to catch insects and identified them to
morphospecies level. I conducted various biodiversity and ecosystem similarity tests on each
site’s insect community. I found that the most biodiverse ecosystems were the primary and
secondary forest sites, and that the polycultures hosted significantly more biodiversity than the
monoculture. By a measure of ground insects, the non-chemical polyculture showed biodiversity
as high as the secondary forest, and by measure of flying insects the chemical polyculture
approached the levels of natural forest. Thus, it is concluded that while these different forms of
naranjilla cultivation didn’t fully match the biodiversity of the natural forests, the polyculture
practices allowed those sites to come close. Further research into different forms of polycultures
for naranjilla is encouraged.
Keywords: naranjilla, agriculture, biodiversity, insects, entomology, ecology, SangayLlanganates, Andean cloud forest
Resumen
Este proyecto comparó la biodiversidad de insectos en cinco sitios en campos de cultivar
y bosque natural en la comunidad de El Placer el valle del Río Pastaza en el bosque nublado del
este de los Andes. El área es muy importante para la conservación porque es parte de un corredor
ecológico entre los parques nacionales Sangay y Llanganates. El cultivo más importante en El
Placer es naranjilla, y la cultivan en varias maneras, normalmente con mucha química. La meta
del proyecto era buscar maneras de cultivar que conserven la biodiversidad de los insectos.
Estudié un sitio de bosque primario en la reserva Candelaria, un de bosque secundario cerca de
los cultivos, y tres cultivos de naranjilla: un monocultivo y dos policultivos, un con química y un
sin química. Use trampas de vasos y redes para mariposas, y identifique a nivel de morfoespecie.
Hice pruebas de biodiversidad y semejanza entre los sitios. Descubrí que los bosques naturales
eran los mas biodiversos pero los policultivos tenían más diversidad que el monocultivo y sus
niveles eran cerca de los sitios naturales. Aunque los sitios no alcanzan los niveles de
biodiversidad del bosque natural, las prácticas de policultivos, especialmente sin química,
mejoran mucho la salud de las comunidades de insectos. Por eso es recomendable perseguir la
practica de policultivos y estudiar mas como pueden ser exitoso.
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Introduction
The South American Andes are one of the most biodiverse regions in the world, and the
eastern slopes of the Andes are further the most diverse part of the Andes (Killeen et al., 2007).
There are several reasons for this. First, it is the confluence of the mountain cloud forest habitats
of the Andes with the Amazonian rainforests. The wide range of altitudes in a small region
allows for a wide range of habitats close together, creating more space for biodiversity.
Secondly, the region falls in the spot where moist winds from the east run into the mountains,
rise, and expel their water, creating a uniquely wet environment capable of supporting a vast
amount of life (Killeen et al., 2007). This was especially important during the Pleistocene period,
where the majority of the Amazon region was covered in tropical savanna. In this period, the
western portion of the Andes stayed continuously moist, allowing for speciation to continue
(Häggi et al., 2017).
The Candelaria reserve falls in a crucial spot within the area, along the Rio Pastaza. This
specific spot is especially important for two reasons. First, its unique geological formation, with
a series of parallel mountain ridges creating semi-isolated valleys, allows for additional
speciation, and thus more diversity and endemism, as species adapt to the specific microhabitat
of the valley in which they grow.
The second reason that the reserve is so important is because it is part of a crucial
corridor connecting the Sangay and Llanganates national parks (Jost, 2015). These two protected
areas fall to the south and north of the Rio Pastaza, but are separated by areas not protected by
the government of Ecuador. Ecominga, a private foundation that owns the reserve, is working to
protect the land in between the two parks by buying up land and protecting it.
However, the land in this area has importance for human use as well. There are several
rural villages along the Rio Pastaza, and the people who live there use the land for agriculture.
This has become increasingly important in the years of the pandemic, during which work was
scarce and the people had to depend increasingly on the land for subsistence and income
(Piedad).
One of the most important crops in this area is naranjilla, a popular fruit for juice in the
region which has also gained traction in global markets (Torres et al., 2008). It is grown on
approximately 5025 ha in Ecuador, with an annual yield of about 4.75 tons per hectare (Noboa &
Viera, 2020). Naranjilla is a shrub native to the subtropical Andes (Noboa & Viera, 2020).).
However, it faces obstacles to its production in its susceptibility to diseases and pests. The most
important pest is the moth neoleucinodes elegantalis, whose larvae feed on the fruit, rendering it
unsellable (Noboa & Viera, 2020).). It is also susceptible to a wide variety of diseases, including
a bacterial canker (Bolanos-Carriel et al., 2017), potato yellowing virus (Ramos et al., 2019), and
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soil borne fungus fusarium oxysporum which each cause the plant’s leaves to wilt and die
(Sowell & Shively, 2012). The fact that naranjilla is susceptible to so many different forms of
ailments means that it’s hard to find a solution that solves all of them. This makes industrial
production for exportation difficult while also leading to heavy pesticide use in naranjilla
cultivation (Vasco et al., 2021), although a study in the Ecuadorean Amazon found that it is
economically feasible for growers to cultivate it without chemical use (Torres-Navarrete et. al.,
2018). A hybrid variety of naranjilla, which requires pollination by humans, is the most
commonly cultivated type, displacing its native relative, which is pollinated naturally and
requires less human intervention and chemical use to grow (J. Recalde, personal communication,
April, 2022).
Many other crops are grown in this area as well, including other fruits, coffee, sugar cane,
and subsistence crops. Other human land uses along the Rio Pastaza and in the eastern Andean
slopes include the more ecologically costly cattle ranching, large-scale monocropping, mineral
mining, hydroelectric dams, and oil extraction. Many of these practices contribute heavily to
deforestation and completely destroy natural ecosystems. So, are human use and conservation of
biodiversity mutually exclusive?
There has been evidence to suggest that it is possible for humans to use land without
large negative impacts on the environment. In recent years, agricultural landscapes have
increasingly been viewed as important tools for conservation of biodiversity. Although
agriculture landscapes are seldom as biodiverse as a mature forest, they can be useful in building
a balance between conservation and allowing people to subsist off of their land. If people use
healthy farming practices that imitate natural ecosystems, this gentle form of land use can be an
effective solution.
Many studies have been conducted on the effectiveness of sustainable agriculture in
supporting biodiversity, including the ISP of Tara Krantz in 2019, which found that organic
polycultures were more effective than other cultivation methods at supporting insect biodiversity
(Krantz, 2019). Another SIT project, conducted by Nathalie Bolduc in 2017, found a high level
of bird and insect biodiversity in a coffee cultivation that had replaced pastureland in a
restoration project (Bolduc, 2017). These studies did not provide a comparison between these
agricultural landscapes and the natural forest. However, there have also been many studies that
do make these comparisons, and some with encouraging results. A study conducted by Sambhu
et. al. in Australia found higher species richness (although lower abundance) of lepidoptera in a
sugar cane cultivation than in natural forest (2018). In a study in the Brazilian Amazon, Rocha
et. al. found no difference in bird biodiversity (although modest decreases in functional diversity)
in cacao cultivations compared to mature forests (2019).
Vandermeer and Perfecto proposed an application of this type of finding which involves
creating corridors among natural forest fragments within agricultural landscapes, allowing
migration between such fragments (2007). Even if an agricultural area is not a perfect natural
habitat for animals, if it is close enough to allow them to feel comfortable crossing through the
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area to migrate between natural forest fragments, dispersing seeds, it makes the forest more
resilient (Vandermeer & Perfecto, 2007).
The cultivated area belonging to the people of El Placer, a small rural community in the
valley of the Rio Pastaza on the eastern Andean slopes (fig. 1), hosts a wide variety of small
plots, with different crops and styles of cultivation, interspersed with trees and fragments of
secondary forest. Most of these plots are very small, significantly less than 1 hectare. One of the
most common crops is naranjilla, and it too is cultivated in several different methods, in
monocultures of different sizes and in different types of polycultures, with mora, guayaba,
coffee, beans, bananas, and other crops.

Fig. 1. Map showing the location of El Placer in the Ecuadorean Andes

Due to the challenges present in the cultivation of naranjilla, it is worth studying these
different types of cultivation and comparing their effectiveness in production and conservation of
healthy ecosystems. If a healthy agroecosystem can be created, it is likely to have a positive
effect not only on wild plant and animal life but also on the health of the culture itself, allowing
it to succeed.
In this study, I explore several different methods of cultivating naranjilla as well as
surrounding forest to gauge which cultivation methods are healthiest for insect populations, and
how well they compare to natural forest ecosystems. Insects are an important indicator of the
health of the agroecosystem for a few reasons. First, they play a vital role in natural ecosystems
as pollinators, decomposers, and alimentation for birds. Furthermore, they are also crucially
important to the success or failure of crops. They pollinate for many crops (although the
naranjilla grown in El Placer is almost exclusively the human-pollinated hybrid), and some are
also important pests (as in the case of the moth neoleucinodes elegantalis), causing crops to fail.
Thus, learning about the insects present in an agricultural landscape provides valuable
information not only on the health of the ecosystem but also on the presence of pests that harm
the crop.
Another reason that insects are good for such a comparative study is that they allow for
easy differentiation of small discrete areas within a larger study area. They are present and easy
to find everywhere, and their small size means that they have limited mobility and thus their
composition will be different among small discrete areas. Insects have also been shown to be
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vulnerable to landscape changes due to human land use, making them good bioindicators.
Outhwaite et. al. suggest that effects of global warming combined with intensive agricultural
land use change are associated with declines of almost 50% in insect abundance and 27% in
species richness in affected areas (2022).
This study measures the health of insect populations across different methods of
cultivating naranjilla in El Placer in a comparison with a primary forest population and a
secondary forest fragment measure. I not only explore the differences between specific methods
of cultivation with their benefits and drawbacks, but also look holistically at the varied land use
by the community and evaluate its impacts on the general health of insect populations. I hope to
provide insights into which methods of cultivation are most ecologically sound and the general
impacts of this type of varied land use on local ecosystem health. My hypothesis is that no type
of cultivation will perfectly preserve insect diversity, but that I will be able to differentiate the
effectiveness of different types of cultivation methods. I believe that I will be able to provide
insight about methods that can lead to an acceptable amount of biodiversity loss and minimize
habitat destruction, and that holistically the varied land use will prove to be at least somewhat
effective in preserving biodiversity.
Field Methods
Study Area
The El Placer community and Cerro Candelaria reserve are located east of Baños,
Ecuador, in the lower Andean cloud forest, in between the Sangay and Llanganantes national
parks. El Placer is located at around 1500 m above sea level, on a cliffside above the confluence
of the Rio Pastaza and Rio Chinchin. Across the river are most of the crops of the village, a
varied landscape consisting of cultivations of naranjilla, citrus fruits, guava, avocado, banana,
mora, subsistence crops, and more. Most of the crops in this area are grown with intensive use of
chemical pesticides. Among the crops are fragments of secondary forest that are being allowed to
regenerate after cultivation, and above the cultivated area is the Candelaria reserve, with primary
and secondary forest. The only way to access this area is by descending a steep path roughly 200
meters, crossing a footbridge, and then climbing up the other side. Thus, the farmers must carry
their products long distances on foot or with mules in order to sell them.
I chose five sites, relatively close together, with altitudes between 1540-1720 meters. I
chose three agricultural sites, a primary and a secondary forest site. Jesus Recalde, a resident and
farmer in El Placer, helped me choose the sites:
● A naranjilla monoculture on a steep hillside (fig. 2.1). A moderately large (estimated to
be about ½ hectare) cultivation broken up by trees in a few spots and with secondary
forest to one side. Ground cover of flowering weeds is present, along with a few trees and
shrubs around the edges of the cultivation. Chemical insecticides, fungicides, and
fertilizers are applied frequently.
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● A polyculture of naranjilla, mora (blackberry), and a woody bean plant called toa (fig.
2.2). The bean plant is known to attract insects including pests that harm the naranjilla
(G. Casco, personal communication, 5/5/2022). Chemical fertilizers and pesticides are
also applied on this culture, but because of the frequent harvest of the mora fruits, strong
pesticides cannot be applied (G. Casco, personal communication, 5/5/2022). There is a
small amount of ground cover, with leaves and sticks from where the bean plants have
been trimmed. The plot is surrounded mostly by other cultivated areas and is also on a
steep hillside.
● A polyculture of coffee, naranjilla, lime, and guayaba (guava) on a steep hillside (fig.
2.3). This is normally an area of light chemical use but has not been tended in the last few
years and is thus becoming overgrown. The undergrowth is very thick, and there are trees
and shrubs present (mostly coffee and fruit trees).
● A secondary forest fragment, an estimated 15 years since it was used for naranjilla
cultivation (J. Recalde, personal communication, April 2022), surrounded by cultivated
areas (fig. 2.4). This area contains tall trees and undergrowth, also on a steep slope.
● A primary forest site in the Candelaria reserve, with an estimated age of 100 years (J.
Recalde, personal communication, April 2022), on the edge of a disturbed area, also on a
slope but slightly gentler (fig. 2.5).

Fig. 2.1. Naranjilla monoculture study site

Fig. 2.2. Chemical polyculture with mora, naranjilla,
and beans (beans visible as tall shrubs in
background). Butterfly trap present.

Zakelj
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Fig. 2.3. Overgrown polyculture of coffee, naranjilla, and fruit trees.

Fig. 2.4. Secondary forest study site.

Fig. 2.5. Primary forest study site.
Butterfly trap shown.

Fig. 3. Map showing locations of the sites relative to one another. Made using google earth and a cell phone GPS.

Zakelj
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Fig. 4. Graph of the altitudes of the study sites in meters. Altitudes via google earth.

I chose sites relatively close to each other in distance and altitude (fig. 3-4), to minimize
added variables in the study. The primary forest location had to be chosen slightly farther away
because there is no primary forest present in the immediate area of the agricultural sites. I used a
cell phone GPS to find coordinates for each site and using the coordinates and google earth made
the map and found the altitudes.
Pitfall traps
In each site, I placed four pitfall traps in a 4-meter cross shape, making for a total of 20
traps across the 5 sites. I also hung a butterfly trap in each site. Locations within the sites were
chosen mostly based on convenience. I decided to place 20 pitfall traps based on the project of a
previous SIT student who placed a total of 48 pitfall traps, checked them daily for two weeks,
and collected over 4,000 specimens (Bolduc, 2017). Since my goal was to identify specimens to
the level of family, I did not want to collect so much data, and for this reason I chose to place 20
traps. I placed only five butterfly traps because that was how many were available to me.
I constructed each pitfall trap using a plastic cup buried enough so that its rim was flush
with the ground. I made a roof for the trap using a plastic plate suspended above the trap using
skewers. A test from the first week failed to show that baiting the traps would cause an increase
in the number of insects caught, so I did not bait them. Each trap was filled roughly 50-70% full
of a killing solution. In the beginning of the experiment, I used a soap-and-water solution in the
traps to kill the insects. However, after two days of collecting I switched to using a 70% alcohol
solution so that I could check the traps every two days instead of daily. This was necessary
because the traps were located far away from where I was staying, and it was a full day’s work to
check all of the traps and the specimens needed to be examined and classified in between
collections.
The traps were collecting for eight days in total: two days with soap and water, and six
days with alcohol solution. They were checked daily for the first two days and every other day
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for the last six days. The process of checking the traps involved pouring the solution through a
strainer and using tweezers to pick the individuals off, place them in a box with cotton, and carry
them home. The traps were always checked in the same order as they were placed, so the last to
be placed on day 0 was the last to be checked on day 8. This way, they were all collecting for
roughly the same amount of time.

Fig. 5. Example of what pitfall traps look like.

Butterfly traps
Butterfly traps were hung in trees and shrubs in the same sites as the pitfall traps and
baited with fermenting bananas. Traps consisted of tall nets that hung from trees with a plate
containing bate hung below them and a zipper down the side for collecting. Specimens were
harvested every two days using kill jars. Lepidoptera were instead photographed and then
released. Because some sites did not have trees present, traps were hung wherever possible. After
six days of collection, traps were moved to a different location (and microhabitat) within the site
for the final four days. The goal of this was to increase the diversity of specimens collected.
Microhabitats for each site were as follows:
● Coffee: the trap hung about a meter up near the edge of the cultivation for days 1-6, and
lower down in the undergrowth within the cultivation for days 7-10.
● Chemical Polyculture: the trap hung among the mora on a trellis for days 1-6, and more
in the bean plants for days 7-10. Both sites were fairly low to the ground, as trees weren’t
present.
● Primary forest: for days 1-6 the trap hung from a tree over the trail, a more open area,
about 1.5 meters up, and for days 7-10 it hung in a thicker, more enclosed area, about a
meter up.
● Naranjilla: in both cases it hung fairly low from a naranjilla plant, in two different areas
in the cultivation, but distinct microhabitats were not really present.
● Secondary forest: the trap first hung fairly low to the ground (about a meter) in an area
without much undergrowth, and later hung about three meters up among the tree
branches.
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Classification/Identification
After bringing specimens back from the field, I went through one by one, photographed
them using a USB microscope, and placed them in boxes with cotton and alcohol. Individuals
were separated in the boxes by morphospecies and study site and the day on which they were
collected was recorded. After all specimens were collected and divided into morphospecies, I
sent the photos to Ana Maria Ortega, who did most of the identification. Lepidoptera were
identified by the author.
Materials
Plastic cups, styrofoam plates, skewers, alcohol and soap, hand shovel, measuring tape,
strainer, tweezers, plastic bags and storage containers with cotton and alcohol for the insects, kill
jars (tupperware containers with cotton and alcohol, USB microscope, identification book,
camera, cell phone GPS, butterfly traps (net tubes with plates suspended below them), string,
rotting bananas for bait.
Limitations
There are several limitations to this study, largely stemming from its short duration.
Although the results are fairly reliable, collecting more days of data and in more sites would
have allowed for results with more weight. Another limitation is the inevitable occasional loss of
a few data points. This could be from spilling pitfall data (the sites are very steep and muddy and
there were a couple of spills), specimens escaping when I tried to remove them from the butterfly
traps, or specimens getting damaged during the collection and transportation process. All of
these factors combine to create small but not trivial losses in data. Lastly, there is the problem of
the size of the specimens. Some individuals were small enough to either evade capture (by
slipping through the strainer when the traps were being checked), while others were so small as
to be too hard to identify and were thus excluded from the study.
Statistical Methods
Dataset and taxonomic level evaluation
I collected two different sets of data: flying insects using butterfly traps and ground
insects using pitfall traps. I chose not to combine the two data sets, but rather evaluate separately
and compare results. Combining the data would have complicated analysis without uncovering
any patterns that could not be seen from looking at the datasets separately. Thus, I analyze
butterfly trap and pitfall trap data separately and compared the results.
Each specimen was classified into morphospecies and identified to the level of family.
There are benefits for analysis at both levels of identification. Morphospecies analysis allows for
a more complex evaluation of the ecosystem, picking up information that is lost in family level
analysis. However, a limitation of this method is the fact that it is possible to lump species that
look similar together or misclassify different morphological forms of the same species (i.e.,
nymphs) as different species. Family diversity evaluation doesn’t leave as much room for
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misclassification (although it is still possible) and has been shown to be positively correlated to
species diversity (Zou et al., 2020). Further, knowing the actual taxa present can help provide
ecological information about the site. Family information is used for relative abundance curves
and dominant family information since it is helpful to have actual taxonomic information for
these analyses. Other analyses are done using morphospecies information, since this paints a
more complex picture of the insect communities.
Statistical comparisons
I used Google Sheets, Microsoft Excel, and Rstudio to analyze my data. Google sheets
was used to organize data and calculate coverage. I calculated the coverage, the estimated
percent of the community sampled by each method not belonging to a species or family that was
recorded, for each site, each trap type, and each taxonomic level.
The effort curve was calculated in Excel as cumulative species richness per day of
sampling, calculated for each trap type. These charts are estimates, as I revised the
morphospecies after collection was done and the effort curve does not reflect this. However,
these changes were relatively insignificant and thus the charts are reliable. Effort curves are
based only on morphospecies since family identification was done later.
In Rstudio I created relative family abundance bar graphs for each site and trap type.
These are meant to show the composition of the sample and were based on family only for
legibility. I also used the iNEXT package to calculate values of biodiversity indices for each site,
trap type, and taxonomic level. I calculated species richness, exponential Shannon index (based
on richness and relative abundance), and exponential Simpson index (based largely on relative
abundance). These indices all serve to provide insight on the health of each ecosystem and
provide a metric for quality comparison. I created rarefaction curves for species richness and
Shannon diversity over coverage to visually demonstrate these comparisons.
To compare the similarity of the sites directly, I used the SpadeR package and the
SimilarityMult function. The function generates pairwise similarity matrices which provide a
similarity value for each pair of sites. The similarity indices used were the Sorensen index (based
on species richness) and the Horn index (based on species richness and relative abundance). To
make a holistic comparison and tell one story, I averaged the pitfall and butterfly trap values
using a geometric mean. I also averaged differences among various sets of sites in the same way.
The q value
I will refer to the “q value” when discussing biodiversity indices and rarefaction. The q
value can be thought of as an exponent modifying the influence of abundance data in analysis of
the data. Thus, when q=0 each species counts equally regardless of abundance, so this
corresponds to species richness calculation. Similarly, q=1 corresponds to Shannon diversity,
generally the most reliable measure because it simply weights each population by its abundance
(L. Jost, personal correspondence, 5/5/2022). Lastly, q=2 corresponds to Simpson diversity,
which inflates the importance of abundance data.
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Results and analysis
Coverage
The coverage numbers for the study were all high, ranging from 80% to 96% for
morphospecies observations and from 89%-99% in family observations (table 1). This is a
positive finding that gives significance to the results. However, there is reason to believe that this
number may be inflated in some of the butterfly trap data. Coverage estimation relies on the
study finding a significant number of singleton species, but in the primary forest butterfly traps
only 7 singleton morphospecies and 3 singleton families were found. This simply means that the
primary forest point in the butterfly trap rarefaction curve (figures 7.3-4) must be looked at
suspiciously. Besides the primary forest site, each site had at least 12 singleton morphospecies,
and the pitfall trap sites each had 15+ singletons. The number of singleton families is predictably
lower, so family rarefaction curves will not be evaluated as closely.
Pitfall traps

Coffee

Chemical Poly Primary

Species coverage

0.9104859335

Naranjilla

Secondary

0.8656716418 0.8571428571 0.8965517241 0.8904109589

Singleton morphospecies

35

18

20

15

16

Species richness

68

31

42

24

33

Exponential Shannon

20.267

11.745

26.061

7.164

17.618

Exponential Simpson

8.979

6.213

18.216

4.115

11.597

Butterfly traps

Coffee

Chemical Poly Primary

Naranjilla

Secondary

0.908496732

0.8707865169

Singleton morphospecies

14

23

7

21

12

Species richness

23

30

17

34

21

3.128

6.921

8.575

2.599

8.912

1.593
3.26
4.467
1.466
Exponential Simpson
Table 1. Diversity and coverage data for butterfly and pitfall trap morphospecies data.

4.238

Species coverage

Exponential Shannon

0.875 0.9593023256 0.8153846154

Pitfall trap results analysis
Relative abundance charts
The primary forest clearly has the smoothest relative abundance curve suggesting a
healthy ecosystem (fig. 6.1). The phoridae (a small type of fly) and formidaceae (ant) families
are the most abundant, but not by a significant margin. While each other site has one or two
dominant families that are nearly if not twice as abundant as any other family, this is not true of
the primary forest site. The chemical polyculture and coffee sites appear to be fairly healthy as
well, although the chemical site is dominated by drosophilidae (fruit flies), and the coffee site
has blattellidae (small cockroaches) along with drosophilidae as its dominant families. The
naranjilla monoculture and secondary forest have the most unhealthy-looking relative abundance
curves, each with extremely dominant families at the top of the chart. The naranjilla site has two
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dominant families, drosophilidae and nitidulidae (sap beetles), while the secondary forest site
has scarabaeidae (scarab beetles) as its dominant family. Interestingly (and maybe
unsurprisingly), each agricultural site had drosophilidae as a dominant family, while neither of
the forest sites had them as dominant (although they were present in both).
Rarefaction and Shannon/Simpson diversity
The Shannon diversity rarefaction curves complicate the story told by the relative
abundance charts. The Shannon diversity curve shows primary forest with the highest diversity,
followed by the coffee polyculture and secondary forest, whose curves are close enough that it
cannot be asserted which scores higher (fig. 7.1). These are followed by the chemical
polyculture, which in turn is followed by the naranjilla monoculture. This trend holds when
attention is paid to the exponential Shannon and Simpson diversity indices for morphospecies, in
which primary forest is clearly the highest, followed by secondary forest and coffee, followed by
chemical poly and lastly naranjilla (table 1). Further, while the Simpson index (heavily focused
on dominant species) rates secondary as higher than coffee, the Shannon index rates coffee
higher, demonstrating that it is not possible to say which has a higher diversity based on these
analyses.
The rarefaction/biodiversity indices seem to show a slightly different result than the
relative abundance curves. While the abundance curve shows secondary forest as one of the least
diverse ecosystems, the rarefaction curve contradicts this, showing it as one of the more diverse
sites. This difference can be attributed to the fact that while the abundance curve uses family, the
rarefaction and diversity indices are based on morphospecies. Further, we must look at the
dominant family in the secondary forest site, scarabaeidae, which is a hyperdiverse insect family
with nearly 30,000 species, far more diverse than any of the other dominant families
(formidaceae has nearly 15,000) (Fernández et al., 2021). Indeed, nine morphospecies of
scarabaeidae were recorded in the secondary forest site. Thus, we can see how the family
calculation can underestimate its diversity.
Once we see that the abundance chart has underestimated the secondary forest diversity,
then the two forms of analysis start to line up more. Both clearly show that primary forest is the
healthiest, with the naranjilla being the least healthy and the other three sites in the middle.
While the ordering of coffee, secondary, and chemical poly are not clear in the abundance chart,
the rarefaction and index data suggest that the chemical polyculture is less healthy than the
others.
Species richness and effort curve
When species richness is looked at, coffee has the highest score (above even primary
forest), but otherwise the order is consistent, with primary forest being the next most diverse,
followed by secondary, chemical poly, and naranjilla. This trend is also shared in the effort curve
of cumulative species richness by day of study, although notably the chemical polyculture value
is very close to that of secondary forest (fig. 8.1).
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The results tell a mostly consistent story when looked at with q values of 0, 1, and 2.
While the coffee sites numbers correlate negatively with the q value, otherwise the trend remains
the same: primary forest is the healthiest, followed by secondary, chemical poly, and naranjilla
monoculture.

Fig 6.1. Relative abundance graphs for pitfall trap data.
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Fig. 6.2. Butterfly trap relative abundance graphs.
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Fig. 7.1. Pitfall trap morphospecies rarefaction curves with q=1, based on the exponential Shannon index. (The pink
line is secondary forest for figures 7.1-4)

Fig. 7.2. Butterfly trap morphospecies rarefaction curves with q=1 based on the exponential Shannon index.
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Pitfall data effort curve

Fig. 8.1. Pitfall trap data effort curve, showing cumulative species richness per day, based on preliminary data
classifications

Butterfly trap data effort curve

Fig. 8.2. Butterfly trap data effort curve, showing cumulative species richness per day, based on preliminary data
classifications
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Butterfly trap results analysis
Relative abundance charts
The relative abundance charts show that all butterfly traps were heavily dominated by
drosophilidae, but to different degrees (fig. 6.2). The naranjilla and coffee sites are the most
clearly dominated by the flies, with 400+ and 100+ individuals, respectively. The other three
sites, while still dominated by fruit flies, clearly show smoother abundance curves, with the
dominance less extreme. Notable here is that the chemical polyculture, although chemicals are
used there, seems to have a relatively healthy community of flying insects, significantly healthier
than the other two agricultural sites (including the less intensive coffee plot), and apparently on
the level with the primary and secondary forest sites. This is likely due to the toa bean in the
culture around which many non drosophilidae flying insects were observed.
Rarefaction and Shannon/Simpson diversity
The rarefaction curves based on Shannon diversity tell a consistent story with the
abundance charts (fig. 7.2). It is clear that the coffee polyculture and the naranjilla monoculture
are significantly less diverse than the other sites, with naranjilla slightly less diverse than coffee.
However, among primary forest, secondary forest, and chemical polyculture, it is very hard to
tell which is the most diverse as they approach 100% coverage. Indeed, each one falls within the
95% confidence interval of the others, so no assertion can be made about which has higher
diversity. However, as discussed above the coverage of the primary forest site is likely
overestimated here, which would make its value higher as it truly approaches 100% coverage.
The Shannon and Simpson index numbers show that primary and secondary forest are
apparently the healthiest (with Shannon diversities of 8.6 and 8.9, respectively). Chemical
polyculture has a Shannon diversity of 6.9 while coffee has just 3.1 and naranjilla has 2.6. So, the
natural forest sites are roughly equal and most diverse, with chemical polyculture close behind
and coffee and naranjilla much lower.
Species richness and effort curve
The species richness and effort curve (where q=0) tell nearly the opposite story as the
Shannon and Simpson indices (fig. 8.2). Indeed, naranjilla has the highest species richness (34),
and primary and secondary forest have the lowest richness, with 17 and 21 respectively.
Chemical polyculture and coffee are in between, with 31 and 23 respectively.
This seeming contradiction can be entirely explained by the dominance of fruit flies.
Since they were so dominant in the naranjilla, even though more species were found, when
abundance was taken into account all other species populations were miniscule in comparison. A
similar effect occurred in the coffee site, although fewer species were recorded there in the first
place. Since fruit flies were far less dominant in the natural forest areas, the abundance was much
more even and thus, although there were fewer total species observed, they scored higher in
Shannon diversity. The chemical polyculture had relatively high species richness with a medium
dominance of fruit flies and thus scores highly in both richness and Shannon diversity.
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It should also be noted that the raw number of data collected in each site was strongly
correlated to its openness. The agricultural areas, especially the naranjilla monoculture and
chemical polyculture have significantly more sun exposure during the day than the understory of
the natural forest, where the butterfly traps were set in the primary and secondary sites. This
likely creates a bias toward the open areas, especially in the species richness measure.
Pitfall and butterfly trap comparison
There are many trends that are shared between the two methods, as well as several that
are not. First, when q=1, the results are mostly consistent. Primary and secondary forests
consistently demonstrate the healthy ecosystems and are near the top. The Naranjilla
monoculture sits at the bottom. The biggest difference in q=1 results is that the two poly cultures
switch places in the trap types. In the butterfly traps, the chemical polyculture rivals the primary
and secondary forests in diversity, whereas in the pitfalls it is the coffee site that is even with the
secondary forest.
The comparison gets more different when one looks at q=0. Because the effect of the fruit
fly dominance is nullified, the butterfly traps show naranjilla and chemical poly culture as the
most diverse, with the natural sites as the least diverse. Indeed, the two effort curves show nearly
the opposite image from one another (figures 8.1-8.2). This contradiction can be reconciled first
by the fact that we know much information is lost when abundance is ignored, especially in the
case of the butterfly traps. Second, because of the bias created by the increased sun exposure, the
naranjilla and chemical polyculture numbers are likely inflated, and this effect is much more
prominent in flying insects as they prefer sunny areas.
Comparison indices
Horn’s index
Using Horn’s index to compare, most of the sites were fairly similar to one another, with
50% being the lowest pairwise similarity (secondary and chemical polyculture) and the average
among the whole group being 66%. The primary forest was most like the secondary forest at
74%, while naranjilla and the chemical polyculture shared 82% similarity. Primary forest shared
63% similarity on average with agricultural sites, while secondary forest shared 62%. Naranjilla
shared 63% with natural forests, while chemical polyculture shared just 57% similarity with
natural forests. Coffee shared 68% similarity with natural sites and an equal percentage with the
natural forests. The three agricultural sites share an average of 73% similarity.
It was surprising to find that the primary forest had a higher similarity with the
agricultural sites than the secondary forest, although the difference was only one percentage
point. It was also surprising that the chemical polyculture shared so comparatively little with
natural forest, even though it was found to be a healthier ecosystem than naranjilla. However, it
is also the furthest displaced from natural forest of any site, surrounded by other cultivations, and
this is likely a contributor. It is also significant that the coffee site shared as much similarity to
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the natural forest sites as it did to the agricultural sites, as this means it is an intermediary for
insect communities between natural and cultivated sites.
Sorensen’s index
While Horn’s index found high similarity between regions, Sorensen’s index found very
low pairwise similarity at an average of just 16%. The most similar pairs were primary and
secondary (37%) and primary with coffee (36%). This means that the coffee was almost as
similar to the primary forest as was the secondary forest. Indeed, the coffee site was 31% like the
natural sites and just 13% like other agricultural sites, reinforcing its tendency toward a natural
forest community over a heavily cultivated one. Chemical polyculture was by far the most
unique site with an average similarity of just 8%, and its highest similarity to naranjilla at 18%.
Primary forest again shows more similarity to agricultural sites than secondary forest, 19% to
14%.
Summary
In general, the most interesting findings from these comparisons are first that although
the natural forest sites are most like each other, the coffee site’s community tends equally or
more so toward them over other cultivated areas. Second, the primary forest shares more in
common with the agricultural sites than does the secondary forest. Third, the chemical
polyculture seems to be the most unlike natural forest of all the sites. Lastly, although the trends
shown by the Sorensen and Horn indices are similar, Horn shows much higher similarity among
all communities. This means that when looking only at raw species richness the sites share little
in common, but if abundance is considered they are demonstrated to share much more similarity.
Bicatch
Some non-insect bicatch was observed in pitfall traps but not identified to family. A
notable observation was that while spiders were observed in all sites, they were heavily skewed
towards non-chemical sites. While in the naranjilla and chemical poly culture only 1 and 3
spiders were observed respectively, in each of the other three sites over 25 spiders were
observed. Since spiders are important to healthy ecosystems as insect predators, this result shows
a large descrepancy in health of chemical and non-chemical systems.
Also notably, 30 slugs were observed in the naranjilla monoculture. Slugs were also
present in the chemical polyculture but in insignificant numbers, and were not present anywhere
else. This is significant especially because the slugs are an agricultural pest, and their
proliferation in the monoculture compared to the polycultures has implications for success of
pest control. Even though the strongest pesticides are used in the monoculture, the polycultures
are less affected by this pest, probably due to their increased plant diversity.
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Combined q=1 Coffee Chem.Poly
Coffee

1

Primary

22

Naranjilla

Secondary

0.6412589181

0.6529678399 0.7278736154

0.7071096096

1

0.6514952034 0.8221350254

0.5071587523

1 0.5962583333

0.7394883366

1

0.6666078307

Chem.Poly
Primary
Naranjilla
Secondary

1

Combined q=0 Coffee Chem.Poly
Coffee
Chem.Poly
Primary
Naranjilla

1

Primary

Naranjilla

Secondary

0.07745966692 0.3579497171 0.2089497547 0.2697684192
1

0.09834632683 0.1192853721 0.05700877125
1

0.2032043307 0.3677907014
1

0.1808645902

1
Secondary
Table 2. Horn (q=1) and Sorensen (q=0) index pairwise similarity matrices, using combined butterfly trap and
pitfall trap numbers, averaged using geometric mean.

Discussion
Because of the use of different methodologies for data collection and evaluation, there are
some results that do not agree with each other. Thus, we must think about which results carry the
most weight. I believe that the pitfall trap data are more reliable than the butterfly trap data, for
two reasons. First, the butterfly data is more likely to be biased by sun exposure, since flying
insects are more likely to be in sunny open areas. Second, the composition of the butterfly data is
less consistent. While each pitfall site recorded at least 130 data and at most 400, in the primary
forest just 56 data were recorded in the butterfly traps, compared to a whopping 516 in the
naranjilla site, a difference of nearly an order of magnitude. Further, the vast majority of
butterfly trap data were a single morphospecies, the fruit fly. Indeed, nearly 700 of the 968
butterfly trap data, about 70%, were fruit flies. This makes the data hard to work with and causes
richness and abundance data to contradict each other. Of course, since the trap types are
sampling different communities, they can be looked at separately. Thus, while in larger trends I
place more importance on the pitfall data, there is still room for different results to coexist in the
different trap types.
Additionally, I believe that Shannon diversity is a more reliable metric than species
richness. Shannon diversity weights the importance of species in accordance with their
abundance, while species richness throws away this information (L Jost, personal
communication, 5/5/2022). Because the nature of my methodology minimized human bias in
collection, these abundance data are reliable and relevant. Thus, it is prudent to take them into
account.
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Lastly, the set of data that most contradicts the others is exactly the one I have argued to
be least reliable. The butterfly trap data when looked at for species richness tells a story radically
different from its Shannon diversity as well as both metrics measuring pitfall data. It shows the
primary and secondary forest to be the least diverse, while the chemical agricultural sites are the
most diverse. Since all other methods, which are also shown to be more reliable, contradict this,
it will not be given much weight.
Biodiversity indices
If we use the methods that are claimed to be most reliable, we get a basic trend that is
consistent. The natural forest sites are the healthiest, followed by the polycultures, with the
monoculture being the least healthy. In the ground insect data, it is the primary forest that is
clearly the most diverse, but coffee and secondary forest are close behind and virtually equal. In
the flying insect data, primary and secondary forest are almost equal in diversity and the
chemical polyculture is close behind. So, it can be said that based on this study, while the
primary and secondary forest areas were the healthiest, the ground insects in the coffee
polyculture were just as healthy as those of secondary forest, and the flying insects in the mora
polyculture were almost as healthy as those in the natural forest.
This is significant because it shows that when grown in polycultures, naranjilla does have
the potential to support an insect diversity approaching that of natural forest. Although neither
site proved to be completely on the level of the natural forest, each proved close in one category.
In contrast, the monoculture site fell significantly short of matching the biodiversity of the
natural sites. This result is corroborated by previous studies that show higher insect biodiversity
in polycultures than in monocultures, such as a study by Leon et al. on tomato-maize
polycultures in Cuba (2001).
The coffee polyculture, which has not been heavily managed in the last couple of years,
showed the most promising result, with a ground Shannon diversity higher than the secondary
forest and close to the primary forest and the highest species richness of any site. However, its
fruit fly dominance in the butterfly traps prevent its flying insect diversity from matching that of
natural forest.
Another significant result is that while the primary forest had a noticeably higher ground
insect diversity, the secondary forest matched its flying insect diversity. This means that, while
there is a definite discrepancy in ecosystem health between the sites, the secondary forest does
approach the diversity of the primary forest, at least by some metrics. This shows that the
preservation of primary forest is important, but also supports the idea that the recuperation of
agricultural land for rotational agriculture is effective, if a site cultivated less than 20 years ago
already approaches the biodiversity of primary forest.
Dominant species
The dominant family in both types of traps in agricultural areas was drosophilidae, or
fruit fly. It is an unsurprising result, considering the perennial presence of decomposing fruit in
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these areas. This family plays an important ecological role – decomposing rotting fruit – but their
degree of dominance here marks a significant change from the natural forest and having a single
family so dominant is not a good sign for an ecosystem. Additionally, drosophilidae have been
proposed as biological indicators of effects of human disturbances, although this would require
study beyond family level identification (da Mata et al., 2008). The family has about 3,500
species, including specialists specific to undisturbed forests and generalists common to human
modified landscapes (da Mata et al., 2008). Additionally, there are several invasive pests
belonging to this family, the most prominent of which is drosophila suzukii, a problematic
agricultural pest that has been detected in Ecuador (Dagatti et al., 2018). Although the presence
of the pest cannot be confirmed in the population since species were not identified, this suggests
that the dominance of drosophilidae has the potential to indicate a problem for ecosystem health
and agricultural success.
The dominance was most extreme in the naranjilla monoculture but was also quite
prominent in the coffee polyculture butterfly traps. It was less strong in the chemical polyculture,
although still present. It is somewhat surprising that the dominance was so strong in the coffee
culture, since it otherwise tended more toward the natural forests. However, the presence of
rotting fruit and its close proximity to other fruit crops probably contribute. The other dominant
family in the coffee crop, blattellidae, is a family of cockroaches that contains some household
pest species but also many forest species. Still, their dominance seems to indicate a disturbance
as they are not dominant in any other site.
The most dominant families in the primary forest pitfalls were phoridae and formaceae.
As formicidae is the most abundant insect family in the world and plays an important role in soil
structure and seed dispersal in any healthy ecosystem, it is unsurprising to find a high abundance
here (Pallardy). Although less prominent than formicidae, abundance of phoridae has been found
to be associated with healthy undisturbed habitats. In the secondary forest, the dominant family
in the pitfall traps was scarabaeidae or scarab beetles. This megadiverse family is hugely
important to the health of ecosystems, contributing to nutrient cycling, waste management, and
seed dispersal (Shah & Shah, 2022). Thus, in natural forest pitfall traps, the most dominant
families are healthy ecosystem players. Of course, fruit flies were still the most dominant in the
butterfly traps, but significantly less so than in the agricultural ecosystems.
So, the dominant families in the natural forest sites are clear indicators of ecosystem
health. In the agricultural sites, however, the dominant families are more mixed as indicators.
They can be associated with healthy ecosystems but can also be pests or indicators of
disturbance. Thus, the main takeaway from this is that it reinforces the idea that the natural
habitats are healthy. While the dominance of fruit flies in the other habitats does not bode well, it
is impossible to draw definitive conclusions without studying their species composition.
Sorensen and Horn comparison
The Horn comparison shows a significant degree of similarity among most of the sites.
The primary and secondary forest sites are 74% similar, reinforcing the effectiveness of the
newly reclaimed forest at simulating mature forest. The coffee plot’s similarity to the natural
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forest sites is also promising, as it shows that this gently used area is a good intermediary
between natural forest and more heavily used land. This trend is reinforced by the Sorensen
index, which, although it finds less similarity among all sites, shows that the coffee is almost as
similar to primary forest as is secondary forest, and that it’s more similar to natural forest as it is
to other agricultural sites.
The fact that the primary forest is more similar to the agricultural sites than is the
secondary forest is some cause for concern in the validity of the data, since it seems like an
implausible result (especially considering the distance of the primary forest from the rest of the
sites). However, this can be written off as a fluke in the data due to its small margin.
Finally, there is the somewhat surprising result that the chemical polyculture is least like
the natural forest sites. However, when its location surrounded by other cultivated areas is
considered, this is less surprising. Indeed, the naranjilla monoculture borders the secondary
forest, likely driving up its similarity, while the polyculture is bordered on all sides by other
cultivated areas. Then, this suggests that to maintain an agroecosystem that is similar to natural
ecosystems it is important to have natural forests interspersed among agricultural landscapes, as
suggested by Vandermeer and Perfecto (2007).
Conclusion: an overview of (un)successful practices
Naranjilla monoculture
The naranjilla monoculture was clearly the least successful plot in sustaining a healthy
insect community. In almost all measures of biodiversity, this plot came up lowest (with the
exception of flying species richness). The proliferation of slugs also shows a sign that the crop
health may be suffering, despite intensive chemical use. For these reasons, this study does not
recommend the cultivation of naranjilla in this manner.
Chemical polyculture
The polyculture with mora, toa bean, and naranjilla was moderately more successful than
the monoculture at preserving biodiversity. Although it was still below the non-chemical plots in
ground insect diversity, in flying insect diversity it rivaled even the primary forest plot. This
implies that growing naranjilla in a polyculture like this is healthier for the insect community.
However, it shared little Sorensen and Horn similarity to the natural forests, which could be due
to its distance from natural forests but is also worth studying more.
Although the owner of the polyculture told me that the toa bean attracts pests that harm
naranjilla (G. Casco, personal communication, 5/5/2022), the polyculture had a reduced number
of slugs compared to the monoculture, so there may be a trade off there. Additionally, since the
bean is a legume, it fixes nitrogen in the soil, an element that has been shown to be important to
the success of naranjilla and is often added in the form of fertilizers (Parra-Coronado et al.,
2015). Thus, while this type of plot may have some tradeoffs for crop success, it also has benefits
and is far better for insect diversity than the monoculture. It is recommended that this type of
polyculture be explored more as a potential way forward for naranjilla cultivation.
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Coffee polyculture
The coffee polyculture proved to be quite successful at conserving insect diversity. It
showed the highest ground insect species richness, was even or above secondary forest in
Shannon diversity, and showed a high degree of similarity to natural areas. Of course, the flying
insect results are less positive, but the site remains promising. It must be noted that this site is not
in a fully productive state currently, and if it is returned to production the undergrowth will be
thinned out, likely changing the insect community. However, this still gives an idea of what a
gently cultivated plot looks like in terms of insect diversity, and it looks promising. Thus, it is
recommended that naranjilla cultivations strive to be more like this plot, planted with trees and
other crops, without heavy management of wild plant life. This can be an effective way to keep
land productive while it continues to serve as a proxy for animal habitats.
Overview
This study has shown that there is a real contrast in the health of naranjilla
agroecosystems based on farming practices. While the pesticide-heavy monoculture showed an
unhealthy insect community, the polycultures with fewer chemicals showed much more diverse
insect populations. This provides cause to pursue such practices and explore further their
potential success.
Holistically, the agricultural landscape, while not matching up to the primary forest,
shared a large degree of similarity to it by the Horn index. If the recently reclaimed secondary
forest is taken as part of the landscape, the picture brightens. With areas of recuperating forest
being left throughout the agricultural landscape and cultivations like the coffee polyculture
incorporated into the crops, there is strong potential for the area to host a healthy insect
community. Thus, there is strong incentive to pursue practices such as these and to further study
the success of different types of polycultures for naranjilla cultivation. While this study cannot
say definitively whether naranjilla cultivation can provide an ecosystem whose health rivals that
of natural forest, what it can say is that the practices discussed above can make a significant
difference in the health of the ecosystem, and thus these practices are worth pursuing and
researching further.
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Appendix
Here are some figures and tables that I deemed to be not worth putting in the main body of the
paper. They show different ways of looking at the data that could not be included for length.
Rarefaction curves for q=0: I made these graphs but did not end up including them in the paper
since the effort curves show a similar phenomenon.

Pitfall trap morphospecies rarefaction curves with q=0 based on species richness.

Butterfly trap morphospecies rarefaction curves with q=0 based on species richness.
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Bicatch Coffee Naranjilla Chemical Poly Primary Secondary
Centipede

1

Milipede

1

Spiders

27

Woodlice

1
1

3

26

42

2

2

1

Slugs

30

Worms

1

1

A table showing a record of bicatch.
Coffee
Family
Butterfly coverage

Pitfalls

Chemical Poly Primary

Naranjilla

Secondary

0.9411764706 0.9438202247 0.9464285714 0.9864341085 0.8923076923

Singleton
families

9

10

3

7

7

Family
richness

18

20

13

19

16

Exponential
Shannon

2.92

5.678

7.391

2.375

7.12

Exponential
Simpson

1.59

3.124

4.343

1.463

3.736

Family
coverage

0.9590792839 0.9402985075 0.9357142857 0.9310344828 0.9246575342

Singleton
families

16

8

9

10

10

Family
richness

41

20

25

19

20

Exponential
Shannon

13.302

8.945

13.384

6.371

7.019

Exponential
Simpson

7.765

5.759

9.423

4.039

4.034

A table showing statistics based on family data.
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Pitfall traps q=1

Coffee

Chemical Poly Primary

Naranjilla

Secondary

Species coverage

0.9104859335 0.8656716418 0.8571428571 0.8965517241 0.8904109589

Singleton morphospecies

35

18

20

15

16

Species richness

68

31

42

24

33

Exponential Shannon

20.267

11.745

26.061

7.164

17.618

Exponential Simpson

8.979

6.213

18.216

4.115

11.597

Butterfly traps q=1
Species coverage

Coffee

Chemical Poly Primary

0.908496732 0.8707865169

Naranjilla

Secondary

0.875 0.9593023256 0.8153846154

Singleton morphospecies

14

23

7

21

12

Species richness

23

30

17

34

21

Exponential Shannon

3.128

6.921

8.575

2.599

8.912

Exponential Simpson

1.593

3.26

4.467

1.466

4.238

Pitfall traps q=0

Coffee

Chem.Poly

Primary

Naranjilla

Secondary

Coffee

1

0.24

0.308

0.185

0.355

1

0.248

0.093

0.13

1

0.148

0.334

1

0.174

Chem.Poly
Primary
Naranjilla
Secondary

1

Butterfly traps q=0

Coffee

Chem.Poly

Primary

Naranjilla

Secondary

Coffee

1

0.025

0.416

0.236

0.205

1

0.039

0.153

0.025

1

0.279

0.405

1

0.188

Chem.Poly
Primary
Naranjilla
Secondary

A table showing Sorensen (q=0) and Horn (q=1) data of the trap types separately.
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A three-dimensional map of the study sites

An individual from the family phoraceae.
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Three different beetles from the scarabaedae family.
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